Introduction
The electric drives are still one of the fastest developing areas of the science at the present time. The asynchronous electric drives are most widely used in the industry and agriculture [1, 2] and they contain asynchronous motors of various types and powers. With the introduction of the static frequency converters the application areas of asynchronous motors broadened because by using them it is possible to achieve such a high electric drive rotation speeds which are unachievable for the direct-current motors. The rotation speed of the asynchronous motors at the present time is most often controlled by frequency variation. In this way a very wide speed regulation range, high uniformity of the regulation under changing loads, high speed stability, high efficiency of the electric drive operation and also the reversibility of the speed regulation in respect of the indicated speed are obtained.
When only the frequency of the current f 1 is changed the speed of the rotation of the magnetic field of the asynchronous motor in the air gap changes in direct proportion, and its amplitude value Ф m changes in the inverse proportion. In order to decrease the variation of the rotating magnetic flux when the frequency of the current is varied according to one or the other law the electric supply voltage of the asynchronous motor is also changed using the same frequency converter. The law according to which the supply voltage of the motor is to be changed is determined not only by the frequency of the current f 1 , but also by the nature of the change of the static load of the motor shaft. In this way the sufficiently high compatibility of the mechanical characteristics of the working machine and asynchronous motor is achieved.
It is relatively simple to calculate the mechanical characteristic of asynchronous motor under the nominal supply voltage and the current frequency on the basis of the magnitudes provided in the catalogs and using the Kloss formula [3÷5] . However the analytical method for calculation of mechanical characteristics under various supply voltages of the motors and frequencies of the currents which depend on the selected regulation law of the speed of rotation could not be found in the scientific sources. It is very important to determine the mechanical characteristics of asynchronous motors theoretically when designing and investigating the frequency-based asynchronous drives.
Analytical making of the mechanical characteristic of asynchronous motor under the rated supply parameters
In the catalogs the following rated parameters of asynchronous motors are provided in most cases: the power P n , the rotation speed of the rotor n n , the phase current of the stator I 1n , the efficiency factor η n , the power factor cos φ n , the relative breakdown torque μ c , the relative starting torque μ p , etc. On the base of the indicated parameters and according to respective formulas the other magnitudes are calculated with the sufficient precision, which are required to determine the mechanical characteristics of the asynchronous motor.
At first the mutual limit point of the asynchronous motor operation and starting mechanical characteristics is determined. This point is defined by the critical slip of the rotor s c 
here
On the basis of the preliminary and calculated magnitudes of the relative torques the mechanical characteristic of the asynchronous motor is estimated when
Analytical making of the family of mechanical characteristics of asynchronous motor by varying the current frequency
When the shaft load of the asynchronous motor M s is not dependent on the rotation speed ( const s  M ), its supply voltage when varying the current frequency f 1 is changed according to the following law: U 1 / f 1 = const. If the shaft load of the motor is directly proportional to the square of rotation speed (M s ≡ n 2 ), the motor voltage, when varying the current frequency f 1 , is changed according to such law: U 1 / f 1 2 = const. In order to calculate the relative magnitudes of the asynchronous motor torques under different rotor slips, under current frequency f 1 i ≠ f 1n and supply voltage U 1 i ≠ ≠ U 1 n , the i-th speed of the rotating magnetic field is determined at first
The i-th relative magnitude of the rotation speed of the magnetic field is claculated
The i-th nominal slip of the asynchronous motor is determined
The i-th critical slip of the asynchronous motor is calculated
The constant of the k-th speed regulation law of the frequency and supply voltage is determined:
The i-th value of the supply voltage of the k-th speed regulation law is calculated:
The i-th relative magnitude of the supply voltage of the k-th speed regulation law is determined
The i-th relative breakdown torque and the starting torque are calculated:
The i-th relative magnitude of the torque is determined 
The i-th coefficient is determined
By using the (2) Kloss formula for the slip range (0 < s < s c i ) the relative magnitudes of the torques are calculated
The i-th exponent index is determined 
On the base of the calculated magnitudes of the relative torques under different current frequencies and aupply voltages the family of mechanical characteristics of the asynchronous motor is created.
The results of the analytical research
Assume that the in the frequency-based electric drive the squirrel-cage asynchronous motor is used the nominal power of which is P n = 4 kW, the rotation speed n n = 1430 min -1 , the current I 1n = 8,6 A, the repeatability of the breakdown torque μ c = 2,2 and the repeatability of the starting torque μ p = 2,0. The angular rotation speed of this motor ω n = 0,1047 n n = 0,1047 · 1430 = 149,7 rad/s and the torque M n = P n / ω n = 4000 / 149,7 = 26,7 Nm. According to expressions (4)(17) and also (19) and (20), the magnitudes required to determine the relative torques are calculated under the selected current frequencies. They are given in Tables 1 and 2 . According to expressions (18) and (21) all the relative torques are calculated under the selected current frequencies and slips. They are given in Tables 3 and 4 . 
Conclusions
1. By using the Kloss formulas it is possible to determine the mechanical characteristics of the asynchronous motors analytically when any rotation speed regulation law based on the current frequency manipulation is used.
2. When changing the current frequency not only the speed of rotation of the magnetic field changes but also the critical slips indicated in the mechanical characteristics. The voltage change intensity depends on the selected speed regulation law.
3. Due to the variation of the current frequency, when the voltage is changed the relative magnitudes of the critical torques change at first, and also the exponent indexes of the Kloss formulas and coefficients of the stable (operation) part of the mechanical characteristic.
